A follow-up study of the class antibody responses to newborn larva (NBL) antigens in individuals involved in an outbreak of human trichinellosis was carried out by ELISA assays. The data showed that similar kinetics of antibody responses of different magnitude developed in trichinellosis patients; it was low by week 3, a peak raised by week 5 and decreased from week 7 up to the end of the study. The IgA-ELISA assay was the most sensitive and specific while the IgM was the least sensitive and specific. IgA antibodies to NBL antigens were detected in 80 % of patients while IgE, IgG and IgM responses were observed in 44, 31 and 19 % of the patients by week 3, respectively. From weeks 5 to 7, IgA antibodies were found in 89 to 100 % of the patients while lower percentages (0-82 %) were found for the other isotypes. Reactivity of IgA, IgE, IgG and IgM to NBL antigens decreased from week 37 to 57 after infection (0-38 %). These results suggest that detection of IgA antibodies may be useful for early diagnosis and epidemiological studies in human trichinellosis. Several studies have shown that many T. spiralis anti gens in particular surface and secreted components, may be stage (or age-) specific (Philipp et al., 1980; Jungery et al., 1983). In addition, an independent variation of individual immunoglobulin classes to defined antigenic epitopes in every parasite compart ment and stage has been observed (Philipp et al, 1981; Almond & Parkhouse, 1986; Parkhouse & Harrison, 1989; Takashi et al., 1990). This information have pro 
A follow-up study of the class antibody responses to newborn larva (NBL) antigens in individuals involved in an outbreak of human trichinellosis was carried out by ELISA assays. The data showed that similar kinetics of antibody responses of different magnitude developed in trichinellosis patients; it was low by week 3, a peak raised by week 5 and decreased from week 7 up to the end of the study. The IgA-ELISA assay was the most sensitive and specific while the IgM was the least sensitive and specific. IgA antibodies to NBL antigens were detected in 80 % of patients while IgE, IgG and IgM responses were observed in 44, 31 and 19 % of the patients by week 3, respectively. From weeks 5 to 7, IgA antibodies were found in 89 to 100 % of the patients while lower percentages (0-82 %) were found for the other isotypes. Reactivity of IgA, IgE, IgG and IgM to NBL antigens decreased from week 37 to 57 after infection (0-38 %). These results suggest that detection of IgA antibodies may be useful for early diagnosis and epidemiological studies in human trichinellosis. Several studies have shown that many T. spiralis anti gens in particular surface and secreted components, may be stage (or age-) specific (Philipp et al., 1980; Jungery et al., 1983) . In addition, an independent variation of individual immunoglobulin classes to defined antigenic epitopes in every parasite compart ment and stage has been observed (Philipp et al, 1981; Almond & Parkhouse, 1986; Parkhouse & Harrison, 1989; Takashi et al., 1990 infected by eating undercooked sausages prepared from pork meat. The description of the outbreak was previously described by Salinas et al. (1996) .
CLINICAL FEATURES AND TREATMENT
By week 3 postinfection, the most frequent signs and clinical manifestations observed were fever > 38° (100 %), myalgia (76 %), periorbital and/or facial edema (70.6 %), weakness (47 %) and headache (47 %). No complications were observed. Laboratory findings revealed that all patients showed an elevated eosinophil cell count (> 500/mm 3 ), total IgE (> 100 pg/100 mL) and levels of plasma creatine phosphokinase (> 50 IU/L). 
MATERIALS AND METHODS

SERUM SAMPLES
At least three serum samples were collected from each of the 22 individuals involved in the trichinellosis out break. Serum samples were taken at different intervals after infection by weeks 3, 4, 5, 7, 12, 15, 37 and 57.
Article available at http://www.parasite-journal.org or http://dx.doi.org/10.1051/parasite/200108s2152
Control serum samples were collected from 56 indivi duals. Among these, 26 were from healthy adults and the remaining 30 from adults infected with other para sites. Aliquots of sera were stored at -20°C in an equal amount of glycerol to avoid freeze-thawing (Salinas et al., 1996) .
PARASITES
T. spiralis was maintained by several passages in outbred BALB/c mice. Recovery of muscle larvae, adult worms and newborn larvae (NBL) was performed as described by Dennis et al. (1970) . ANTIGENS NBL TSE was prepared from 18-h-old NBL following the method described by Philipp et al. (1980) .
ELISA ASSAYS
Detection of IgM and IgG antibodies was performed by indirect ELISA assays while IgA and IgE were quan tified by indirect amplified ELISA assays as described by Salinas et al. (1996) with some modifications. These included the use of peroxidase-conjugated goat anti body specific for IgM or IgG (heavy-chain reactive, Cappel Lab.) at 1/8000 and 1/4000 dilutions, for IgM or IgG detection, respectively. For IgA or IgE detec tion, goat IgG anti-human IgA at 1/4000 dilution or IgE at 1/1000 dilution (heavy-chain reactive, Cappel Lab.), and peroxidase-conjugated rabbit antigoat IgG (y-chain reactive, Cappel, Lab.) was diluted 1/8000 or 1/4000, respectively. In all assays 5 µg ml -1 NBL TSE were used.
Absorbances were determined by ELISA plate reader (Dynatech Industries) at 492 nm. To show if ELISA assays using NBL TSE were more sensitive than those performed in a former study (Salinas et al., 1996) employing TSL-1 antigens, nega tive serum samples of asymptomatic individuals for TSL-1 antigens were tested for early production of antibodies to NBL. However, asymptomatic indivi duals did not show reactivity to NBL antigens during infection.
Due to the wide distribution of parasitic infections in our country, a group of serum samples collected from individuals infected with other parasites were tested in each assay. Initially, a cut-off value was calculated considering the mean plus three standard deviations of the OD values of serum samples from healthy indi viduals (Fig. 2) . The cut-off value of ELISA assays for IgM was higher than those observed for the other anti body classes. The ELISA results showed cross-reacti vity in all immunoglobulin-ELISA assays except that of IgA. Reactivity of serum samples in IgM-ELISA assays was the highest as compared with that observed in the IgE and IgG ELISA assays.
The IgA-ELISA assay was the most sensitive and spe cific while the IgM was the least sensitive and specific (Table I) . IgA antibodies to NBL antigens were detected in 80 % of patients while IgE, IgG and IgM responses were observed in 44, 31 and 19 % of the patients by week 3, respectively. From weeks 5 to 7, IgA antibo dies were found in 89 to 100 % of the patients while lower percentages (0-82 %) were found for the other isotypes. Reactivity of IgA, IgE, IgG and IgM to NBL antigens decreased from week 37 to 57 after infection (0-38 %). The fact that IgM reactivity was observed in none of the patients by weeks 15 and 37 might be due to the lesser number of serum samples analysed by these weeks. Serum samples taken from the same patients were also negative by week 57 in IgM ELISA assays. These percentages of positive values for tri chinellosis patients were compared with those obtained in a previous study (Salinas et al., 1996) in which TSL-1 glycoproteins were used.
It was observed that although the highest sensitivity was observed from weeks 5 to 37 in all the assays, by week 3 postinfection 75 % positivity was detected when IgA antibodies were determined (Table I) De Vos et al, 1992) , and the total number of NBL pro duced by the female adult worm in the host (Pozio et al, 1993) .
Unlike kinetics of class antibody responses to TSL-1 antigens reported in a previous study (Salinas et al, 1996) , the kinetics of class antibody responses to NBL suggested a transient exposure of the patients to the migratory larva as a result of natural infection. In addi tion, the antibody response may also be affected by the anthelminthic treatment. Thus, this issue should be further studied (Fourestié et al, 1988; Kurniawan et al, 1995) .
Similar times of appearance of antibodies against NBL, measured by different techniques, have been observed in rodents (Philipp et al, 1981; Almond & Parkhouse, 1986) , humans (Kazura, 1981; Venturiello et al, 1995) and pigs (Marti et al, 1986) . In the latter, it has been clearly demonstrated that antibodies to NBL have a cri tical role in protective immunity (Marti et al, 1986) .
In contrast, although very little is known regarding the immune elimination of 77. spiralis from the human host (Capo & Despommier, 1996) , data obtained from clinical observations of human cases suggest that the survival of adult worm is considerably prolonged as that seen in pigs (Behnke et al, 1994) . Thus, it might be speculated that both hosts may show similar immune responses.
In this respect, the IgG (Kazura, 1981; Venturiello et al, 1995) and possibly the highest level of IgA anti bodies produced in patients analysed in this study may have an effector role either to kill NBL in vivo as sug gested by in vitro antibody-dependent cell mediated destruction of parasite larvae tests or in intestinal immunity (Almond & Parkhouse, 1986; De Vos et al, 1992) . In fact, the specific class antibody responses to NBL antigens, elevated levels of total IgE and eosinophiles observed in trichinellosis patients suggest that a Th2 response is involved (Finkelman et al, 1991) .
However, in contrast to the high IgA response, low specific IgE responses to NBL accompanied by elevated levels of total and TSL-1-specific IgE (Salinas et al, 1996) were also observed. This might represent a mechanism for the evasion of the immune system by DISCUSSION the parasite already described in helminth infections (Pritchard, 1993) . Thus, there is still controversial whe ther a Th2 response contributes to protective immu nity or is an imunoregulatory consequence in helminth infection (Finkelman et al, 1991) .
On the other hand, a knowledge of the kinetics of anti body responses has allowed to identify antibodies indicative of early versus chronic infections (Parkhouse & Harrison, 1989) . In our study it was striking to find
IgA antibodies which were detected in a high per
centage of the serum samples tested early in the infec tion by an amplified method. This offers an advantage for early diagnosis of human trichinellosis since patho logy could be prevented. Furthermore, the IgA res ponse reflects the length of acute stage of the infec tion, which offers advantages to determine the recovery of patients from the infection.
In all ELISA assays carried out in this study, except that for IgA, cross-reactive antibodies were detected sug gesting that antibodies produced in humans may cross react with non-specific epitopes on NBL antigens such as phosphorilcoline which has been found as a crossreacting epitope between T. spiralis, and other hel minths and protozoan (Lal & Ottesen, 1989; Choy et al, 1991) . Therefore, it is likely that some of the NBL 
